Transcatheter therapy for partial anomalous pulmonary venous connection with dual drainage is unique and rarely reported. We report a 69-year-old female with recurrent brain abscess and partial anomalous connection of the left upper pulmonary vein with dual drainage to the vertical vein (VV) and left atrium (LA). Transcatheter occlusion of the VV was done using an 18-mm St. Jude Amplatzer Vascular Plug II, thus redirecting the left-sided pulmonary venous drainage to LA. Careful evaluation of partial anomalous pulmonary venous drainage with cross-sectional imaging is essential to allow the delineation of dual connections, enabling a less invasive transcatheter treatment approach.
INTRODUCTION
The usual treatment of left-sided partial anomalous pulmonary venous connection (PAPVC) in the presence of a significant left-to-right shunt is surgical repair. [1] Occasionally, the existence of a dual drainage connecting the PAPVC to the left atrium (LA) has been reported. [2] [3] [4] [5] [6] [7] In such patients, transcatheter therapy may represent an alternative to surgery. We describe a patient where the presence of dual drainage of left-sided pulmonary veins allowed for a transcatheter treatment approach. Our patient was unique in age, indication, and anatomic subtype of partial anomalous pulmonary venous drainage (PAPVD) with additional connection to the LA.
CASE REPORT
A 69-year-old female was referred for cardiology assessment for recurrent cerebellar abscesses. In the past, she had tissue valve replacement for bicuspid aortic valve stenosis. Cardiovascular examination was unremarkable with normal oxygen saturation. Cardiac imaging including echocardiogram and computed tomography (CT) scan showed the left-sided pulmonary veins were draining to the innominate vein through a vertical vein (VV) and additionally to the LA [ Figure 1a ]. The right heart was significantly enlarged. The brain abscesses were possibly related to paradoxical embolism.
Cardiac catheterization under general anesthesia with left internal jugular vein access confirmed that all the left-sided pulmonary veins were draining into the VV with additional drainage to LA on angiography [ Figure 1b ]. Access to the anomalous vein was gained through an 8-Fr sheath and multipurpose diagnostic catheter and then exchanged over an extrastiff exchange wire for a 9-Fr multipurpose guide.
Balloon occlusion of the VV with 34-mm Amplatzer sizing balloon (St Jude Medical, St Paul, MN) above the entry of the pulmonary veins over 10 min showed no change in the mean pressure which remained at 15 mmHg. There was no rise in pressure in the pulmonary vein during balloon occlusion (as measured through transducing the balloon This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercialShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. The incidence of PAPVC cases with dual drainage is difficult to estimate, especially in VV type, since patients are often asymptomatic and may escape detection. Echocardiographic signs of right ventricular volume overload should raise suspicion, as well as an enlarged superior caval vein. These defects have the same physiological effect as any long-standing left-to-right shunt at atrial level, as they combine drainage of PV to the right side and free drainage of the LA to the right atrium. Moreover, any connection between a systemic vein and the LA may allow paradoxical embolism. [5, 9] Two of the previously published patients with a VV type presented with stroke-like symptoms. Although there was no significant left-to-right shunt, transcatheter correction was recommended and successfully performed. [4, 7, 10] PAPVC of the left upper lobe can mimic left-sided superior caval vein (LSVC) on cross-sectional imaging, so care is required to make the correct diagnosis. In the former, blood drains cranially through a "VV" into the left innominate vein. Other differentiating imaging features include dilated coronary sinus and LSVC manifesting as two vessels anterior to the left main bronchus on axial imaging, whereas in PAPVD, there will be no aberrant vessel or superior pulmonary vein evident. [11] Absence of an innominate vein is inconsistent with the left upper lobe PAPVC, although the presence of this vessel is not a helpful discriminator.
Transcatheter closure of the abnormal venous connection is certainly the treatment of choice for PAPVC with dual drainage, although successful surgical ligation of the VV has been reported. Interventional catheterization also offers the possibility of performing an occlusion test. [10] Pulmonary vein pressure is monitored during balloon occlusion (transduce balloon shaft) as a marker for unobstructed flow to the LA through the dual connections. The absolute increase in pulmonary venous pressure (in mm Hg) is more informative than a percentage increase in pressure. Closure is avoided if a pulmonary venous pressure rise of ≥10 mmHg was catheter shaft). Subsequently, the VV was occluded using an 18 mm (diameter) × 14 mm (unconstrained length) St. Jude Amplatzer Vascular Plug II. The final position of the device was above the drainage of left-sided pulmonary veins and below the bridging innominate vein without impinging on either structure [ Figure 2a] . Postocclusion, the pressure in the VV proximal to the device was a mean of 11 mmHg. The patient recovered uneventfully and was discharged the next day.
At follow-up, 2 years later, the patient remains asymptomatic, with no further embolic events. No systemic desaturation was noted. She has no evidence of right heart dilation on echocardiogram. A repeat CT scan showed the device in satisfactory position above the entry point of the left upper pulmonary vein [ Figure 2b ], thus redirecting the left-sided pulmonary venous drainage to the LA.
DISCUSSION
PAPVC describes an abnormal connection of one or more, but not all, pulmonary veins, usually to a systemic vein or directly to the right atrium. The connections can be supracardiac (usually the right upper pulmonary vein to superior caval vein or left pulmonary vein to VV and innominate vein), cardiac (to coronary sinus or directly to the right atrium), or infracardiac (to inferior caval vein or hepatic veins).
The VV has also been termed as the levoatrio or levoatrial cardinal vein in some reports. However, the levoatrial cardinal vein is a vein that communicates both with the LA and with the left superior cardinal vein. In other words, this is a left pulmonary vein that has an abnormal persisting anastomosis with the left superior cardinal vein. It is often associated with severe pulmonary venous and left atrial obstruction caused by mitral atresia or severe stenosis. In this hemodynamic situation, the levoatrial cardinal vein helps to decompress the hypertensive pulmonary veins and LA. [8] documented. [10] Risks associated with occlusion of the VV type anomalous vein in the absence of adequate alternative drainage could include either a rise in pulmonary venous pressure on that side or central venous pressure should the bridging innominate vein be inadequate.
The St Jude Amplatzer Vascular Plug II is well suited for occluding such venous structures. It can be easily delivered through the left internal jugular vein and deployed just above the anomalous connection. [4, 10] CONCLUSION "Dual drainage" of the left-sided pulmonary veins to both a VV and the LA made it possible to successfully reroute the anomalous left-sided PAPVC.
Diligent evaluation of partial anomalous left-sided pulmonary venous drainage is essential to delineate dual connections, hence allowing a less invasive transcatheter approach for therapy.
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